INTRODUCTION
============

The major cause of cardiac arrest (CA) is cardiovascular in origin, and more often than not, it is unpredictable. In about 5 min after cessation of heartbeat, irrespective of its causes, brain cells start to deteriorate dramatically ([@b56-jer-15-6-738]). Many people who experience CA eventually die; however, for survivors of CA, familial or social supports such as rehabilitations are provided because of the neurologic sequelae which can result from hypoxic brain damage ([@b14-jer-15-6-738]). So far, the only way to save a victim suffering from CA is cardiopulmonary resuscitation (CPR).

The definition of CPR is a skill that can revive the human body when the process of death begins. Resuscitation Medicine in the field of Emergency Medicine has developed for hundreds of years. In 1767, the first rescue organization named "Amsterdam Rescue Society" has been established in the Netherlands ([@b13-jer-15-6-738]). They have started rescuing drowned people in Amsterdam and saved 150 victims since the past 4 years ([@b59-jer-15-6-738]).

The current methods of CPR were based on the ones formed in the 1950s. The American Academy of Science made the first guidelines for CPR in 1966 ([@b2-jer-15-6-738]). After that, two prominent societies, the American Heart Association in the US and the European Resuscitation Council in Europe have improved their own CPR guidelines respectively. These two societies formed the International Liaison Committee on Resuscitation (ILCOR) for the development of international guidelines in 1992. After 8 years, ILCOR created the "International Guidelines 2000 for CPR & ECC (emergency cardiovascular care)", which became the cornerstone that standardized various CPR methods worldwide. The guidelines are the basis of most currently existing CPR methods that are being used in in-hospital or out-of-hospital circumstances. Furthermore, the renewal of the guidelines has been announced every 5 years since 2000.

The guidelines have basic contents for laypersons as well as advanced contents for healthcare providers ([@b42-jer-15-6-738]; [@b47-jer-15-6-738]). Laypersons are trained globally with basic guidelines in order for the trainees to be able to act as lifesavers. Accordingly, there have been many reports of people who received CPR training successfully resuscitating victims.

The international CPR guidelines have been revised 3 times since 2000, and the latest one was presented in 2015. Several basics in physiologic fundamentals and maneuvers of CPR have changed. This paper aims to investigate the changes made in the CPR guidelines from 2000 to the present. The author mainly identified the purpose of these changes by examining the guidelines. This paper will be helpful in understanding the latest methods and the highlights of CPR.

INTERNATIONAL GUIDELINES 2000
=============================

The guidelines 2000 was meaningful in itself as the first unified international recommendation for CPR ([@b6-jer-15-6-738]). It was used as a basis for the next guidelines, "evidence-based resuscitation guidelines", in which updates were supported by the results of resuscitation studies. The "level of evidence" classified each skill of CPR by the results. In other words, there were four levels of classification; (a) definitely recommended, (b) good to very good recommended, (c) fair to good recommended, (d) may be harmful.

The concept of "Chain of Survival" has emerged as a way for higher potential survival rates in patients suffering from CA ([@b7-jer-15-6-738]). It consisted of four links; (a) early access (emergency call), (b) early CPR, (c) early defibrillation (an electric shock to the victim), and (d) early advanced CPR (in-hospital treatment). Layperson (a witness) had to recognize a victim that passed out and had to make a phone call to the emergency system (911). The provision of subsequent CPR was strongly related to survival rate. The first three links were the responsibilities of the layperson since several minutes are needed until emergency medical technicians arrive and can attend to the victim. Therefore, the role of the layperson was quite important in a CPR situation. If anyone of these links broke, the survival rate was greatly reduced even with advanced treatments in a hospital such as intubation or epinephrine injection ([@b21-jer-15-6-738]).

The chief aspects of CPR procedure were chest compression and mouth-to-mouth breathing (rescue breathing). These two skills have been part of the CPR procedures since the beginning ([@b59-jer-15-6-738]). In the guidelines 2000, chest compression was more highlighted than rescue breathing. The chest compression rate was increased and was unified to 100 times per minute for both adults and children. The rate was based on a human study that reported that greater than 80 compressions showed good outcomes in CA ([@b41-jer-15-6-738]). The past guideline recommended about 80--100 compressions for adults and children and 120 compressions for infants ([@b5-jer-15-6-738]). Many healthcare providers performed inadequate chest compressions of less than 100 following the old recommendation. It was inefficient to supply a sufficient quantity of blood to the brain and the heart. The discrepancy between the compression rate and the age was also resolved.

In these guidelines, the compression-ventilation ratio was fixed on 15:2 at all occasions. The previous recommendation was 5:1 ratio in case of a lone rescuer and 15:2 ratio in case of two rescuers ([@b5-jer-15-6-738]). The change in the ratio showed two significances: (a) gave the victim more chest compressions per minute (28% or more) and (b) same compression-ventilation ratio applied regardless of the number of rescuers. If one rescue breathing is performed per five compressions, the interruptions between the compressions occur too frequently during CPR, resulting in decreased coronary artery perfusion ([@b63-jer-15-6-738]). On the other hand, 15 continuous compressions can increase the amount of blood flow to the heart. The aforementioned fixed ratio would be very useful in enlightening the trainees, as well.

Compression depth, rate, and ratio were newly determined. The past rule in chest compression depth was defined as the difference in the height of a rescuer's shoulder by 2.5 to 5 cm during CPR ([@b5-jer-15-6-738]). The standard of compression depth was changed to the depth in a victim's chest and not the shoulder level of a rescuer. A rescuer had to compress an adult chest by 4 to 5 cm in depth.

For laypersons to easily carry out the processes of checking the breathing and pulse (heartbeat) of the victim, they were modified simply. Checking for breathing may be one of the difficult steps in resuscitation ([@b51-jer-15-6-738]). An assessment of breathing consisted of (a) looking at the chest, (b) listening for air escaping, and (c) feeling for the flow of air. Rescue breathing had to be delivered if normal breathing is absent. Furthermore, checking for pulse was a more difficult task than checking for breathing ([@b22-jer-15-6-738]). In emergency situations that required CPR, it was crucial for healthcare providers to verify carotid artery pulsation ([@b25-jer-15-6-738]). However, even finding the artery is difficult for a layperson. The guideline, therefore, advised that a layperson give the victim only chest compressions if there is an absence of normal breathing, coughing, or movement.

The concept of electric treatment to the heart has also changed ([@b29-jer-15-6-738]). Providing early defibrillation (arresting the fibrillation of the heart) was the best way to improve survival from sudden cardiac death caused by ventricular tachycardia or ventricular fibrillation ([@b20-jer-15-6-738]). Even though the mechanism of defibrillation is not completely understood, it is well known that normal rhythm can be recovered by stunning the heart with high electric shock ([@b58-jer-15-6-738]). In previous guidelines, precordial thump (a method that strikes the middle of a victim's sternum) was introduced in order to make sufficient energy that can arrest the heart. However, it was removed due to studies that showed no effect in performing it ([@b31-jer-15-6-738]). Automated external defibrillator (AED) has come into widespread use for defibrillation since the 1990s. The device was designed for lay rescuers. Two significant studies influenced the dissemination of AED. One study conducted in US casinos showed that the use of AED within 5 min on a victim with CA can improve survival ([@b61-jer-15-6-738]). Another study at airports reported similar results ([@b15-jer-15-6-738]). AEDs have started to be placed in areas with large gatherings of people including airports, high-rise office buildings, housing complexes, recreational facilities, and so on. However, the use of AEDs was not recommended for children under 8 years of age due to the lack of evidence.

INTERNATIONAL GUIDELINES 2005
=============================

Even after the release of the guidelines 2000, incidence and mortality of out-of-hospital sudden CA were very high ([@b53-jer-15-6-738]). Guidelines 2005 was focused on continuous quality improvement of CPR to raise survival rate of CA ([@b26-jer-15-6-738]). The biggest change made in these guidelines was the increase in the number of consecutive chest compressions. Excellent chest compressions were considered as an essential factor for high-quality CPR. In addition, the actual amount of blood going out of the heart (cardiac output) through chest compressions was less than 30% of that of the normal cardiac output ([@b24-jer-15-6-738]). A study on the quality of CPR demonstrated that previously decided compression depth of 4 to 5 cm was insufficient ([@b62-jer-15-6-738]). Thus trainees were taught to "push hard, push fast" to put emphasis on the chest compressions ([@b27-jer-15-6-738]). Moreover, rescuers had to be changed every 2 min of compression and rescue breathing in order to avoid exhaustion in rescuers. The compression rate and breathing time were also simplified compared to those of the guidelines 2000. The reason for the simplification was that laypersons did not remember or carry out the exact chest compression and rescue breathing well in following the previous guidelines.

The main focus of the guidelines 2005 was to change the compression-ventilation ratio to 30:2 for sole rescuers of all ages from a ratio of 15:2. The compression rate was doubled compared to the previous standard. The change of the ratio was supported by experimental studies which reported that much more compressions can be beneficial ([@b11-jer-15-6-738]; [@b23-jer-15-6-738]). Interruptions during compression occurred more frequently in 15-compression sets than in 30-compression sets. The interruptions reduced blood flow to the heart and brain, causing the high mortality ([@b40-jer-15-6-738]). Uninterrupted 30 compressions were more favorable in increasing blood pressure in critical organs. However, the 15:2 ratio was maintained in children up to the start of puberty for 2-rescuer teams. In children and infants, oxygen supply through rescue breathing was as important as chest compressions. The compression rate in the guideline was maintained in approximately 100 per min in all ages.

Another characteristic of the guidelines specified change of rescuers to prevent rescuer fatigue and maximize the effectiveness of chest compressions. Rescuer fatigue was associated with inadequate chest compression depth and rate ([@b34-jer-15-6-738]). It was advisable to rotate the compressor every 2 min or every five cycles (5 times of 30:2). Incomplete chest wall recoil (chest wall not rising fully after compression) was also common, especially when a rescuer was fatigued ([@b28-jer-15-6-738]). Incomplete recoil decreased the venous return to the heart due to higher intrathoracic pressures than when recoil is complete.

The criteria for respiration were also simplified. According to the guidelines, layperson could start to compress the chest of a victim immediately without rescue breathing if the victim had no respiration and movement. The time duration of one breathing was set to 1 sec. The proper volume of breathing was determined to be appropriate when the chest of the victim rises after rescue breathing. In the previous guidelines, there was no specific volume for rescue breathing and no clear standard for checking respiration. If too much air is supplied, it could enter the stomach and not into the lungs of the victim. Gastric inflation can induce regurgitation and aspiration due to diaphragm elevation, which worsens the prognosis of the patient ([@b7-jer-15-6-738]). Hyperventilation leads to increased intrathoracic pressure, which prevents blood from returning to the heart during CPR ([@b9-jer-15-6-738]). Furthermore, hyperoxia that results from hyperventilation also correlates with high mortality and poor neurological outcomes ([@b48-jer-15-6-738]). For several reasons, the importance of respiration has gradually diminished compared to the past guidelines.

The use of adult dose electric shock for children was newly recommended. Defibrillation had to be required for CA in children, but lower electrical energy was applied because the pediatric heart cells were vulnerable to higher electrical energy of adult doses. There must be pediatric electrode pads (to reduce the delivered energy to a dose suitable for children) in every AEDs, but they were usually not equipped together. Even if there were no pediatric pads, it was highly recommended to use an adult pad over risking negative effects from high electrical energy. This recommendation was predicated by a study which reported that adult electric dose would be useful for children ([@b39-jer-15-6-738]). However, AED use for infants (less than 1 year) was still not recommend.

INTERNATIONAL GUIDELINES 2010
=============================

Guidelines 2010 focused on facilitating the involvement of witnesses in CPR ([@b3-jer-15-6-738]). For that, the initial sequence of CPR was considerably simplified from collapse to chest compression. Furthermore, through promotion of high-quality CPR since 2005, the importance of chest compression still remained emphasized. One more link was added to the existing four links of the "Chain of Survival" to enhance survival rate and neurological outcomes of survivors from CA ([@b52-jer-15-6-738]). The use of AEDs on infants was newly confirmed ([@b46-jer-15-6-738]). The confirmation depended on previous studies which reported that infant arrest victims who received high energy shock survived with minimal myocardial damage and good neurological outcome ([@b43-jer-15-6-738]; [@b65-jer-15-6-738]).

The main alteration of the guidelines was the change of overall CPR sequence. The past classical sequence called "A-B-C" (airway-breathing-compression) was changed to "C-A-B." Chest compression was the most critical and primary skill in CPR. The start with airway in the past sequence was based on the modern version of ventilation-oriented CPR for drowning victims. The "A-B-C" method had a disadvantage of delaying too much time until chest compression. The common cause of witnessed CA in victims was mainly cardiac dysrhythmia; therefore, blood supply to the vital organs by chest compression had to precede ventilation. Shortening time to chest compression increased the chance of return of spontaneous circulation (ROSC).

The "A-B-C" method also made it difficult for laypersons to engage as rescuers. They felt burdensome or reluctant to give rescue breathing to a victim whom they have never met before ([@b33-jer-15-6-738]). Laypersons, in particular, could not easily recognize whether the victim showed normal breathing or not. Occasional gasps, which cannot supply sufficient oxygen, are misinterpreted by rescuers as normal breathing ([@b55-jer-15-6-738]). Therefore, in order to avoid the confusion, three steps of breathing check (look, listen, and feel) were deleted from the guidelines.

As with the past guidelines, high-quality chest compression was maintained. At first, a compression depth of at least 5 cm was recommended. Insufficient sternal depth by the previous rule (4--5 cm) could generate unsatisfactory cardiac output and could prove fatal ([@b1-jer-15-6-738]). Moreover, rescuers had a tendency not to compress deeply due to fear of causing rib or sternal fractures ([@b45-jer-15-6-738]). The rate of compression was changed from approximately 100 compressions per min to at least 100 for all ages. The rate below 100 per min was not recommended for all laypersons and healthcare providers. It was based on the study showing that survival rate improved when 120 consecutive chest compressions were done ([@b19-jer-15-6-738]).

Complete chest wall recoil and minimizing interruptions in chest compression were re-emphasized for high-quality CPR. Incomplete recoil caused by immediate compression without chest rising resulted in the depression of coronary arterial perfusion and cardiac output ([@b64-jer-15-6-738]). The experimental study proved that continuous chest compression was the only way to establish sufficient cerebral and coronary blood flow ([@b30-jer-15-6-738]). One study had even suggested that the hand should be lifted slightly but completely off the chest at the end of each compression ([@b8-jer-15-6-738]).

The addition of one link strengthened the "Chain of Survival." The link named "integrated postcardiac arrest care" was added after the fourth link, "effective advanced life support." It defined the whole treatment after recovery from CA in a hospital. Most deaths occurred within the first 24 hr even if the patients had spontaneous circulation ([@b44-jer-15-6-738]). Immediately after recovery from CA, the patients were managed for optimized body temperature (about 34°C), adequate oxygenation, and appropriate blood pressure for 24 hr. The postcardiac arrest care was strongly related to mortality ([@b16-jer-15-6-738]). For conservation of brain function, this care was a crucial therapeutic method in unconscious patients after ROSC ([@b17-jer-15-6-738]). In addition, minimizing neurological sequelae after recovery is considered as an important societal and individual issue.

INTERNATIONAL GUIDELINES 2015
=============================

The newest CPR guidelines were made by a total of 250 evidence reviewers from 39 countries in 2015 ([@b4-jer-15-6-738]). Although the number of experts was similar with that of the previous, 10 more countries participated for the guidelines 2015. There were several changes, but not as much compared to 2010. Quality improvement through proper chest compressions was still the main topic in CPR. Particularly, use of social media was recommended as a means of notifying potential rescuers nearby by Emergency Medical Dispatchers (people who receive emergency calls). This way of notification was mainly attributed to the widespread use of smartphones ([@b54-jer-15-6-738]).

The most important change of guidelines 2015 was the rate of chest compression. The rate was increased to between 100 and 120 compressions per minute, meaning rescuers should compress almost 2 times a second. Therefore, rescuers were pressured to perform faster compressions. The observational human studies evaluated that the compression rate was related to CA survival to hospital discharge, percentage of ROSC, and physiologic features of the patient ([@b36-jer-15-6-738]; [@b37-jer-15-6-738]). The next guidelines are likely to encourage more than 120 compressions. However, the rate of over 120 compressions could lead to shallow depth compressions as time passes thus, further studies should be done to analyze the optimal rate of compression ([@b37-jer-15-6-738]).

Another change was to define the maximum value of compression depth. A depth of 5 cm was favorable for good outcomes from the victims in previous studies ([@b60-jer-15-6-738]). However, it was proved that a depth of greater than 6 cm could cause compression-induced injuries such as fractures of the sternum or ribs ([@b32-jer-15-6-738]). The best range of compression depth was advised to be 5 to 6 cm. The slogan "Push Hard," which was emphasized in guidelines 2005 and 2010, seemed to have disappeared for that reason. A more detailed range of the depth must be specified for laypersons because it is practically difficult to push the chest to this depth in reality.

"Compression-Only CPR" was strongly recommended for laypersons once more. The reasons being that it can be easily provided by untrained people and the decline of oxygen supply that occurs even when rescue breathing was skipped was of no great concern ([@b35-jer-15-6-738]). In early stage of CA, a sufficient amount of oxygen exists in the spare spaces of the lungs, which can be supplied to the tissue even through chest compressions for a few minutes ([@b38-jer-15-6-738]). Therefore, CPR without ventilation was a feasible method for laypersons until the arrival of emergency medical technicians in urban situations ([@b57-jer-15-6-738]). But, trained laypersons should still provide rescue breathing in case of respiratory arrest during CPR (e.g., asphyxia, drowning, trauma, intoxication, and pediatric CPR) ([@b42-jer-15-6-738]).

As the survival rate of CA patients did not increase despite the developments in medical science, guidelines 2015 concentrated more on thorough resuscitation education. Furthermore, contextual education using applicable training scenarios was emphasized to learners ([@b12-jer-15-6-738]). It should be necessary for the learners to do repetitive drills of the CPR skills with explanation, as well ([@b50-jer-15-6-738]). What's more, considerable hands-on training must be demanded to accomplish performance of psychomotor skills ([@b49-jer-15-6-738]).

CONCLUSIONS
===========

The global incidence of sudden CA is known to be 24 to 186 per 100,000 person-years. Despite advancements in medical technology, the number of CA is high due to the aging of the population and the high prevalence of heart disease ([@b10-jer-15-6-738]). Unlike other diseases, the survival rate is still less than 10% ([@b18-jer-15-6-738]). However, numerous researches about resuscitation medicine have been studied, which became a driving force for the revision of the guidelines every 5 years. The frequency of CPR education for the public and healthcare providers is increasing, and the survival rates are increasing gradually ([@b18-jer-15-6-738]). Nonetheless, medical scientists have not yet found the most proper CPR method to perform in victims with arrested hearts.

The main highlights of consequence are the changes related to chest compression. The guidelines have revised that the rescuers should compress the chest quickly and adequately. The rescuers should also minimize the time of hands off the chest for continuous compression. The latest CPR sequence was changed to do the chest compressions first and not the rescue breathing. The significance of ventilation during adult CPR has been weakened gradually, hence laypersons were educated with compression-only method. Also, there is a strong recommendation for the use of AEDs in public spaces and it is closely correlated with ROSC.

In conclusion, the changes of highlights in CPR from guidelines 2000 to 2015 are shown in [Fig. 1](#f1-jer-15-6-738){ref-type="fig"}. The latest adult CPR guidelines are as follows: (a) push fast (100--120/min), (b) compress appropriately (5--6 cm), (c) relax the chest fully (complete chest recoil) (d) avoid interruption of compression, and (e) avoid hyperventilation. If one does not remember the above details in a situation that necessitates CPR, it would be best to give the victim two chest compressions per second only after emergency call.

**CONFLICT OF INTEREST**

No potential conflict of interest relevant to this article was reported.

![The changes of highlights in CPR from guidelines 2000 to 2015. CPR, cardiopulmonary resuscitation; A, airway; B, breathing; C, compression.](jer-15-6-738f1){#f1-jer-15-6-738}
